Structural effects of nitro-substituted amineimide derivatives on photobase generation were investigated by using an epoxide/thiol curing system. The absorption of amineimide derivatives was closely related to the position of a nitro group and the efficiency of photobase generation increased in the order of para > meta > ortho position. The molecular size of the amines generated from amineimide derivatives was found to affect the curing temperature of an epoxidelthiol curing system: The smaller the molecular size, the lower the curing temperature at higher concentration.
Introduction
Epoxy curing systems combined with photobase generators (PBG) to produce bases by UV irradiation have been reported in the last decade. [1] [2] [3] Since bases played a role as nucleophilic catalysts, this system had a potential to lower the curing temperature for epoxide with thiol, phenol, and carboxylic acid Most of the PBGS reported so far generated only weak bases such as primary or secondary amines; hence, the curing was not accelerated so much. Over the past few years, it has been reported that some quarterly ammonium salts generated tertiary amines by UV irradiation, which were stronger bases than primary and secondary amines. [4] [5] [6] [7] Recently, we have found that a nitro-substituted amineimide derivative generated a tertiary amine by UV irradiation which promoted the thermal curing of epoxide with thiol. [8] However, the relationships between photobase generation and the structural parameters, such as the position of a nitro group and the structure of amines, were not clarified. This paper reports the structurl effects of nitro substituted amineimide derivatives on the photobase generation in an epoxidelthiol curing system in teems of the UV absorption characteristic and the curing temperature.
Experimental
Amineimide derivatives were prepared from the reaction of the corresponding methyl nitrobenzoate, N,N-dimethylhydrazine, and the corresponding epoxide derivatives (Scheme 1). [8, 9] The melting point and the thermal decomposition temperature were determined from TG-DTA curves in air using an ULVAC TGD 7000. The UV absorption spectra were recorded on a Hitachi U-3410 UV VIS spectrophotometer. DSC analysis was performed on a TA 910 DSC using a mixture of polypropyleneglycol diepoxide (PGDE,1.00 g), pentaerythritol tetra(mercaptoacetate) (PETMA, 0.61 g), and amineimide derivatives (0.016 g). UV irradiation was done under air with a Fusion AEL 1B/M lamp, which had emission spectrum similar to that of a high-pressure mercury lamp. Light intensity at 366 nm was 21.4 mW • cni 2. GC-MS analysis was performed with a Hewlett-Packard 5971A mass 1 . Photopoliim. Sci. Technol., Vol.15, No.1, 2002 selective detector coupled to a Hewlett-Packard 5890series II gas chromatograph, and interfaced to a Hewlett-Packard G 1030A MS chemstation.
Results and Discussion 3.1 Photobase generation of nitro substituted amineimide derivatives
To clarify the relationship between the position of a vitro group and photobase generation efficiency, three kinds of amineimide derivatives having a vitro group at different positions were synthesized. The melting point (m.p.) and the thermal decomposition temperature (Td) are summarized in Table 1 . The amineimide derivatives had Td between 195 to 212 °C. Fig. l shows the UV spectra of these derivatives. la did not exhibit the maximum of the molar extinction coefficient (:max) in the region between 220 and 450 rim.
On the other hand, lb and lc showed at 254 rim and 275 rim, respectively. The t for la and lb was very small in ~ >300 rim region, whereas lc showed a broad absorption between 250 to 370 rim.
The curing temperature of the epoxide/thiol curing systems with nitro-substituted amineimide derivatives before and after UV irradiation was investigated through DSC analysis (Table 2) . Before UV irradiation, the onset temperature and maximum exothermic temperature (Tmax) for the systems with the amineimide derivatives exhibited about 40 °C lower than those of the spontaneous curing of epoxide with thiol. Since these Tmax almost coincided with the Td of the nitro-substituted amineimide derivatives added, it was concluded that the amineimide derivatives played a role as thermal latent catalysts as reported previously. [9, 10] On the other hand, the onset temperature and Tmax Table 1 . Physical properties of nitro-substituted amineimic derivatives. Table 2 . Onset and maximum exothemiic temperatures (Tmax) of the epoxiderthiol with nitro-substituted amineimide derivatives before and after UV irradiation of 3 J • cni 2. a$er UV irradiation exhibited different behaviors from those before UV irradiation. For la there was only little difference; whereas for lb and lc the onset temperature and the Tmax values were lowered by UV irradiation. In particular, the onset temperature and Tmax of lc decreased by 40 and 60 °G, respectively. Fig. 2 shows the relationship between UV dose and Tmax value of the systems with amineimide derivatives. It is clear that the Tmax of lc decreased dramatically by UV irradiation. These results indicated that the position of the nitro group deeply concerned to photobase generation efficiency. One of the possible main factors of the results is their UV absorption characteristics. As shown in Fig. 1 , lc has a broad absorption up to 370 nm; hence, it can absorb more photons and generate tertiary amines more effectively than la and lb. To support for this, the UV spectral changes of amineimide derivatives are shown in Fig. 3 . The spectral change of la was negligibly small why that of lc was significantly large after UV irradiation; therefore, the photobase generation efficiency must be quite low for la, but must be high for lc.
3.2 Relationship between generated amine structure and curing temperature of epoxide/thiol system To investigate the curing effect of the amines generated from amineimide derivatives, three kinds of p-nitroamineimide (p-NAT) derivatives (2a, 2b and 2c) were synthesized (Table 3 ). Fig. 4 shows the plot of the steric hindrance value (-Es)[1l] of R versus Td It was found that increasing steric hindrance decreased the Td values. Fig. 5 shows their UV spectra. Although all the p-NM derivatives exhibited absorption in the same region from 250 to 370 nm, the values of c were quite different; those of 2a and 2c between 250 to 300 nm are twice that of 2b. This result showed that the benzene ring at R contributed to increase the E in the region. Fig. b shows the relation between the concentration of p-NAI derivatives and the Tmax of the corresponding epoxide/thiol curing system. At low concentration, all the derivatives exhibited similar value of Tmax. At higher concentration, however, Tmax of 2b and 2c shifted Figure 3 . UV spectral changes of nitro-substituted l'1l~l de derivatives after UV irradiation. Fig. 4 . The relationship between steric hindrance value (-Es) [11] of R and Td. 37 lower temperature than that of 2a. Assuming that the base strength of the tertiary amines generated from the derivatives is the same, the molecular size of the amines is considered to affect the curing temperature.
3.3 Photobase generation mechanism of amineimide derivatives To clarify the photobase generation mechanism of amineimide derivatives, GC-MS measurements were made of the acetonilrile solution of 2b. Fig. 7 shows the GC charts before and after UV irradiation of 3 J • c-2 . Before UV irradiation, only one peak, which was assigned to 4-nitrophenylisocyanate, was observed. After UV irradiation, two peaks were detected, which were assigned to 4-nitroisocyanate and 4-nitrobenzamide with the ratio of 15% and 85% respectively. These results indicated that the photodecomposition mechanism of 2b is different from the thermal decomposition mechanism. On the basis of the results, the photodecomposition mechanism of 2b was assumed as shown in Fig. 8 : 2b must be cleaved between N -N bond by UV irradiation to produce the conresponding tertiary amine and nitrene. Then, the nitrene resulted in 4-nitrobenzamide via hydrogen abstraction. Since hydrogen abstraction is a major reaction of nitrene in the triplet state [12] , a series of this photodecomposition could proceed in the triplet state. However, further research is necessary to clarify the detail of the photodecomposition mechanism. rr av~l~ii~ui ~iuii) Fig. 5 . UV spectra of p-NAI derivatives in 2 propanol. Fig. 7 . GC charts of 2b before and after UV inndiation of 3 J cni 2. The absorption of amineimide derivatives was closely related to the position of the vitro group. The efficiency of the photobase generation depended on the position of the nitro group in the following order: pam > meta > ortho. Reducing the molecular size of the amines generated from amineimide derivatives accelerated the curing of epoxide with thiol effectively.
